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Thus a single channel confocal scanner has been used to 
measure a number of sample sites but only sequentially and not 
simultaneously, and such a system is not appropriate for high 
throughput scanning where simultaneous detection and assessment 
of a large number of sites is required, such as in a 96 well 
microtitre plate or higher density format array or array of 
microcapillaries - 

Summary of the invention 

According to one aspect of the present invention, a plurality 
(N) of single channel confocal optical systems and 
photoelectric detectors or detecting areas are arranged in 
parallel to form a plurality of reading heads arranged side-by- 
side so as simultaneously to read a corresponding plurality of 
adjacent sites. 

The sites may be in a column or in an array such as a 
microtitre plate . 

The optical systems may be arranged in a single line for 
reading column by column of a multi-column array, or in a 
staggered pattern for simultaneously viewing sites in different 
columns if this were preferred. 

This system would comprise essentially (N) independent confocal 
systems, each with its optic axis aligned with one sample site. 

Advantageously only one laser source is provided which may be 
split into an appropriate plurality of beams, conveyed each by 
a fibre optic cable to individual sample sites. 

The light emitted from the separate sites may be conveyed to 
individual detectors, or discrete regions of an array detector, 
via optical fibres. 



Preferably the reading heads are independently adjustable so 
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each can be positioned accurately over or under a sample. To 
this end a special opto-mechanical device may be provided to 
bring each scanner's optic axis into alignment by means of an 
appropriate scan in the Y-direction. 

Where there is a tolerance in the position of the samples, such 
as in the case of capillaries, which result in uncertainty in 
the Y-direction, adjustment is preferably provided. 

Such an arrangement could be used to inspect say 8 or 12 sites 
at a time, but an arrangement to inspect larger numbers 
simultaneously could be costly, complex, and cumbersome. We 
would refer to such arrangements as "ganged" systems. 

According to a more preferred aspect of the invention in a 
method of imaging a plurality of micro- sample light emitting 
sites simultaneously onto separately addressable detectors, 
which may simply be discrete regions of the array detector, so 
that light emitted from each site can be monitored by one of 
the detectors, a corresponding plurality of objective lenses 
are located adjacent to the micro- sample array with one 
objective lens for each micro- sample, the latter are located 
at or near the focal point of each of the lenses so that light 
emanating from each micro- sample is collected by its respective 
objective lens and converted into a beam of parallel or near 
parallel rays, the objective lenses are arranged so that the 
axes of all the beams issuing therefrom are parallel and spaced 
apart, the beams are focused by a focusing lens through a 
single point and collected beyond that point by detector lens 
means which serves to reconstitute the parallel beams for 
presentation to the detector array. 

If near parallel the rays may be converging or diverging and 
the optical system downstream from the objective is adapted 
accordingly. 



The axes of the objectives may be angled if desired with 
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relative to the array of objective lenses in manner known per 
se so as to present groups of 96 wells making up the 384 wells, 
to the 96 lens array. Thus a 2 x 2 movement of the XY stage 
would be required to complete the inspection of all of the well 
sites in the 384 well array. 

According to another preferred feature of the invention, the 
parallel beams of light directed towards the detector array may 
be transferred to the latter via optical fibres, preferably in 
the form of a fibre optic bundle or fibre optic plate. 

According to a further preferred feature of the invention, 
where a bundle of fibres is employed, the arrangement of . the 
fibres in the bundle may differ between the input and output 
ends thereof so that the array of fibres which convey the light 
paths to the different regions of the detector array conforms 
more to the shape of the detector array in the XY plane and 
enables for example, optimal utilisation of a generally square 
array by the rectangular proportions of an 8 x 12 micro- sample 
array . 

The detector array may typically be a charge coupled device 
having a large number of separately addressable regions (each 
of which is commonly referred to as a pixel) and groups of 
adjacent pixels (or individual pixels) from the detector for 
each sample are addressed, to enable good resolution to be 
obtained in the XY sense as between the light from one sample 
and another. 

The charge coupled device may be cooled, for example 
cryogenically so as to reduce background noise signals 
associated therewith. 

According to a further feature of the invention, the detectors 
comprise an array of photomultipliers, one phot omul tiplier for 
each of the channels (optical paths) . 
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Thus if there are 96 channels, 96 photomult ipliers will be 
required. 

Preferably miniature photomult ipliers are employed, and where 
sufficiently small photomult ipliers are unavailable, optical 
fibres or bundles forming cables may be employed to convey the 
light from each of the apertures in the mask such as is shown 
in Figure 4 or 5 of the accompanying drawings, to the 96 
windows of 96 photomultipliers which together occupy an area 
considerably greater than that of the mask. 

Alternatively a larger detector lens is employed so that the 
96 channels are spread over a larger area. 

As previously mentioned, the CCD array may of course be 
cryogenically or otherwise cooled for the sample purpose, the 
use of photomultipliers obviates the need for cryogenic 
cooling. 

According to another feature of the invention, the 
photomultipliers are replaced by an image intensifier or an 
intensified CCD. 

The use of a more sensitive detector such as the use of 
photomultiplier t\ibes, an image intensifier or an intensifier 
CCD, enables time resolved fluorescence of luminescence 
application to be detected. 

In particular the use of a more sensitive detector enables time 
resolved assay analysis to be performed which involves photo- 
exciting a fluorophor with a pulsed source of radiation for 
example a pulsed laser, during which time the detector is gated 
off so as not to be responsive to any of the excitation 
radiation and the fluorophor in the assay can be investigated 
by gating on the detector after a suitable time delay, 
typically of the order of picoseconds or microseconds, and 
thereafter reading out the charge pattern in the detector. 
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Time resolved applications such as described require detectors 
which can be gated on and off and photomultiplier tubes, image 
intensifiers and intensified CCD arrangements can be gated in 
this way electronically so as to enable the delays and short 
integration periods to be generated as required by time 
resolved fluorescence or luminescence applications. 



In this connection, it is to be understood that the present 
invention is not limited to fluorescence applications but 
includes luminescence applications . 

Thus the invention is not limited to the nature of the detector 
or to the technique in which the different regions of . the 
detector are addressed to enable light emanating from one 
sample to be distinguished from light emanating from another, 
nor is the invention limited to any of the circuits or 
computing techniques which may be employed for processing 
electrical signals obtained by addressing the different regions 
of the detector array. 

Further lenses for focusing the parallel beams of light 
directed towards the detector array may be employed, for 
improving the resolution at the detector surface either in 
combination with a fibre optic transfer bundle, or otherwise. 

Since the spacing between, and the actual size of, the sample 
sites in a micro-sample array, are very small, and can be of 
the order of microns, micro lenses, optionally in combination 
with a fibre optic transfer plate may be employed in the 
objective lenses adjacent the micro- samples . 

In essence the micro-sample objective lenses are ecjuivalent to 
microscope objectives in that they are short focal length 
lenses designed to form an image of a tiny object (in this case 
light being emitted from a small region in a micro-sample) . 
However as distinct from a conventional microscope objective, 
the optical characteristic of the sample objectives is such as 
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to produce a parallel beam of light therefrom so that in this 
sense the objective can be said to have one infinite conjugate. 

By utilising high quality components and projecting the 
excitation radiation to the samples via the objective lenses, 
the excitation radiation can be focused to precisely the 
regions of interest in the samples, to reduce excitation of 
surrounding sample material . 

Where a filter is located ahead of the detector, apertured 
masks may be placed on either side of the filter to collimate 
the parallel beam to further reduce background and cross -talk. 

The invention also lies in apparatus adapted to perform the 
above methods and comprising means for supporting a micro- 
sample array on a substrate in close proximity but parallel to 
an array of micro lenses arranged so as to correspond on a one 
to one basis v^ith the positions and spacing of at least some 
of the micro-samples on the siibstrate, each of the micro lenses 
being positioned relative to a region of its related micro- 
sample by a distance equal to the focal length of the lens so 
that light emitted from that region of the micro-sample will 
emerge from the lens as a parallel beam parallel to the axis 
of the lens, and the parallel beams of light are focused by 
means of a single focusing lens onto a detector lens so as to 
produce an image of the micro- sample light emissions in the 
plane of an array of individually addressable photoelectric 
detectors, such as regions of an addressable CCD array, and 
circuit means is provided to which signals read out from the 
array are supplied in the form of a sequence of digital values 
or otherwise, each corresponding to the light incident on a 
region of the detector for a given period of time from one of 
the micro-samples, and computing and analysing circuit means 
is provided, responsive to the electrical signals, together 
with memory means for storing data indicative of the light 
found to be emitted from each of the micro- samples, for storing 
those values together with address information, whereby each 
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stored value can be identified with the micro -sample on the 
substrate from which the light giving that value has been 
emitted by reference to the position of the region in the 
detector array and by correlating the position of the sample 
in the sample array. 

The apparatus may further include a beam splitter, such as a 
dichroic mirror, interposed in the optical path between the 
micro lenses and the focusing lens to enable on the one hand 
light to pass from the lenses to the focusing lens, and on the 
other hand to enable excitation radiation, typically light of 
a particular wavelength, to be reflected as a parallel beam 
towards the micro lenses, thereby utilising the optical 
focusing characteristics of the micro lenses to focus the 
parallel light into spots of light which register with the 
micro-samples so that the latter are individually radiated by 
excitation light which is predominantly incident on that region 
of each micro- sample which is to be inspected for fluorescence 
after the excitation radiation has been removed, and filter 
means may be provided in the optical path between the beam 
splitter and the detector array to generally attenuate any 
excitation wavelength radiation travelling towards the detector 
and generally prevent such radiation from reaching the 
detector. 

The apparatus preferably includes a pinhole aperture at the 
focal point of the focusing lens so as to improve the on-axis 
resolution of the optical system and assist in attenuating 
unwanted fluorescence such as from background material and 
other components of an assay ahead of or behind the region of 
interest in a micro-sample measured along the optical axis of 
the objective, from reaching the detectors. 

The apparatus typically includes a laser source, as the source 
of excitation radiation a beam expander for enlarging the 
cross-section of the laser beam and presenting a generally 
uniform parallel beam of excitation radiation for entry into 
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the imaging system via the beam splitter or dichroic mirror. 

Shutter means may be provided to inhibit the passage of the 
laser light, except when required for excitation purposes, and 
further shutter means may be provided synchronised with that 
associated with the laser source to prevent light of any 
wavelength reaching the detector whilst excitation light is 
projected into the system. 

The invention also comprises a method of analysing fluorescence 
emitted by radiation excited samples in an array of samples 
comprising the steps of focusing light, emitted from each said 
sample at infinity so as to form a parallel beam, in parallel 
wirh the light from all of the other sample sites making up the 
array, subsequently focusing all the parallel light paths 
through a single point and locating at the point a small 
aperture to restrict unwanted light from fluorescing material 
upstream and downstream of the sites of interest in the 
samples, and re-establishing a parallel array of light beams 
by the use of a further lens so as to present to an addressable 
detector array a plurality of parallel light paths 
corresponding to the light paths from the samples, and 
individually addressing different regions of the detector array 
onto which the parallel light paths impinge, to determine the 
light incident thereon, and storing data relating to the 
quantity of incident light on each said region of the detector 
array together with address information to enable the data to 
be reconciled with the position of the sample in the array on 
the substrate to which that data relates . 

The method typically further comprises the step of introducing 
periodically into the optical system excitation wavelength 
illumination and projecting same through the optical imaging 
devices associated with the array of samples to project the 
excitation illumination onto a specific region in each said 
sample, thereafter extinguishing the excitation wavelength 
light and enabling fluorescence caused by the excitation to 
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CLAIMS 

1. A method of measurement of radiation, wherein a plurality 
(N) of single channel confocal optical systems and 
photoelectric detectors or detecting areas are arranged in 
parallel to form a plurality of reading heads arranged side-by- 
side so as simultaneously to read a corresponding plurality of 
adjacent sites emitting radiation. 

2. A method according to claim 1, wherein the sites are 
arranged in a column or in an array such as a microtitre plate, 
and the optical systems are arranged in a single line for 
reading column by column of a multi-column array, or in a 
staggered pattern for simultaneously viewing sites in different 
columns . 

3. A method according to claim 1 or claim 2, using (N) 
independent confocal systems, each with its optic axis aligned 
with one sample site. 

4. A method according to any of claims 1 to 3 , wherein light 
from a single laser source is split into an appropriate 
plurality of beams, conveyed each by a fibre optic cable to 
individual sample sites. 

5. A method according to any of claims 1 to 4, wherein light 
emitted from the separate sites is conveyed to individual 
detectors, or discrete regions of an array detector, via 
optical fibres. 

6. A method according to any one of claims 1 to 5, wherein the 
reading heads are independently adjustable so that each can be 
positioned accurately over or under a sample. 

7. A method according to claim 6, wherein a special opto- 
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mechanical device is provided to bring each scanner's optic 
axis into alignment by means of an appropriate scan in the Y- 
direction . 



8. A method of imaging a plurality of micro-sample light 
emitting sites simultaneously onto separately addressable 
detectors, which may simply be discrete regions of the array 
detector, so that light emitted from each site can be monitored 
by one of the detectors, wherein a corresponding plurality of 
objective lenses are located adjacent to the micro-sample array 
with one objective lens for each micro- sample , the latter are 
located at or near the focal point of each of the lenses so 
that light emanating from each micro-sample is collected by its 
respective objective lens and converted into a beam of parallel 
or near parallel rays, the objective lenses are arranged so 
that the axes of all the beams issuing therefrom are parallel 
and spaced apart, and the beams are focused by a focusing lens 
through a single point and collected beyond that point by 
detector lens means which serves to reconstitute the parallel 
beams for presentation to the detector array. 

9. A method according to claim 8, wherein the axes of the 
objectives are angled with appropriate adjustment of the 
optical characteristics of the objectives and/or downstream 
optical system. 

10. A method according to claim 8 or claim 9, wherein a single 
focusing lens (which may be a multi -component lens) is employed 
for directing all the beam paths through the single point. 

11. A method according to any of claims 8 to 10, wherein 
optical discrimination between fluorescence emanating from 
upstream and downstream region is improved by placing a small 
aperture pinhole at the focal point of the focusing lens so 
that light which is not emanating from the focal point of each 
of the objective lenses adjacent the micro-sample sites will 
be out of focus at the small aperture pinhole. 
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12. A method according to any of claims 8 to 11, wherein, the 
micro-samples are positioned relative to the micro- sample 
objective lenses so that the region of interest is as close as 
possible to the focal point of the respective objective lens. 

13. A method according to any of claims 8 to 12, wherein the 
samples are located on a planar support with the regions of 
interest all in the same plane so that the objective lenses 
can likewise all be in the same plane parallel to that 
containing the regions of interest in the samples - 

14. A method according to any of claims 8 to 13, including the 
step of adjusting the position of the micro-sample array 
relative to the lens array and also the step of individually 
adjusting the position of at least the objective lenses 
relative to the micro- samples or vice versa to ensure that the 
regions of interest in the micro- samples are at the focal point 
of the respective micro- sample objective lenses. 

15. A method according to any of claims 8 to 14, wherein in 
order to provide spectral separation based on wavelength, a 
filter is included in the light path either between the micro- 
sample objective lenses and the focusing lens means ahead of 
the pinhole, or between the detector lens and the detector 
array . 

16. A method according to claim 15, wherein the spectral 
filter is located in a region in which the light paths are 
parallel or nearly parallel. 

17. A method according to any of claims 8 to 16, according to 
which where fluorescence is the mechanism which generates the 
radiation which is to be focused onto a detector, excitation 
radiation to produce the fluorescence is applied only to a 
region of interest within each micro- sanple rather than over 
the whole of the micro-sample. 
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18. A method according to claim 11, wherein excitation 
radiation is injected into the multipath optical system so as 
to proceed in a parallel sense towards the array of objective 
lenses, in an opposite sense to the light which emanates from 
the micro-samples, so as to be focused by the objective lenses 
onto the region of interest in each micro- sample . 

19. A method according to claim 18, wherein the excitation 
radiation is injected as a parallel beam into the optical path, 
at right angles thereto, and a 45«* beam splitting device is 
provided onto which the parallel excitation radiation is 
incident and from which it is directed in a parallel manner 
towards the micro- sample imaging lenses, but through which 
radiation from the micro-samples can pass to the focusing lens. 

21. A method according to any of claims 8 to 19, wherein 
excitation radiation is produced using a laser such as an argon 
ion laser, and a beam expander is employed to expand the cross- 
section of the laser beam into a relatively large area beam 
equivalent to the area of the parallel array of micro-sample 
objective lenses. 

21. A method according to any of claims 8 to 20, having an 8 
X 12 array of micro-sample objective lenses on the same 8 x 12 
matrix as a standard 96 well plate, and if the imaging system 
is to be used to inspect for example a 3 84 well plate, the 
latter is mounted on an XY stage so that it can be moved 
relative to the array of objective lenses in manner known per 
se so as to present groups of 96 wells making up the 384 wells, 
to the 96 lens array. 

22. A method according to any of claims 8 to 21, wherein the 
parallel beams of light directed towards the detector array are 
transferred to the said array via optical fibres, in the form 
of a fibre optic bundle or fibre optic plate. 



23. A method according to claim 22, wherein where a bundle of 
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fibres is employed, the arrangement of the fibres in the bundle 
differs between the input and output ends thereof so that the 
array of fibres which convey the light paths to the different 
regions of the detector array conforms more to the shape of the 
detector array in the XY plane. 

24- A method according to any of claims 8 to 23, wherein the 
detector array is a charge coupled device having a large number 
of separately addressable regions (each of which is commonly 
referred to as a pixel) and groups of adjacent pixels (or 
individual pixels) from the detector for each sample are 
addressed, to enable good resolution to be obtained in the XY 
sense as between the light from one sample and another. 

25. A method according to claim 24, wherein the charge 
coupled device is cooled, for example cryogenically . 

26. A method according to any of claims 8 to 23, wherein the 
detector array comprises an array of photomultipliers , one 
photomultiplier for each of the channels (optical paths) . 

27. A method according to claim 26, wherein optical fibres or 
bundles forming cables are employed to convey the light from 
each of the apertures in a mask to the windows of photo- 
multipliers which together occupy an area considerably greater 
than that of the mask. 

28. A method according to claim 26 or 27, wherein the 
photomultipliers are replaced by an image intensifier or an 
intensified CCD. 

29. A method according to any of claims 2 6 to 28, wherein the 
photomultiplier tubes, image intensifiers and intensified CCD 
arrangements are gated electronically so as to enable the 
delays and short integration periods to be generated as 
required by time resolved fluorescence or luminescence 
applications . 
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30. A method according to any of claims 8 to 29, wherein 
further lenses for focusing the parallel beams of light 
directed towards the detector array are employed to improve 
resolution at the detector surface either in combination with 
a fibre optic transfer bundle, or otherwise . 

31. A method according to any of claims 8 to 30, wherein micro 
lenses, optionally in combination with a fibre optic transfer 
plate are employed in the objective lenses adjacent the micro- 
samples . 

32. A method according to claim 31, in which micro lenses have 
one infinite conjugate. 

33. A method according to any of claims 8 to 32, wherein where 
a filter is located ahead of the detector, apertured masks are 
placed on either side of the filter to collimate the parallel 
beam tn further reduce background and cross -talk. 

34. Apparatus adapted for performing the method of any of 
claims 1 to 33, comprising means for supporting a micro- sample 
array on a substrate in close proximity but parallel to an 
array of micro lenses arranged so as to correspond on a one to 
one basis with the positions and spacing of at least some of 
the micro- samples on the sxobstrate, each of the micro lenses 
being positioned relative to a region of its related micro- 
sample by a distance equal to the focal length of the lens so 
that light emitted from that region of the micro-sample will 
emerge from the lens as a parallel beam parallel to the axis 
of the lens, and the parallel beams of light are focused by 
means of a single focusing lens onto a detector lens so as to 
produce an image of the micro-sample light emissions in the 
plane of an array of individually addressable photoelectric 
detectors, such as regions of an addressable CCD array, and 
circuit means is provided to which signals read out from the 
array are supplied in the form of a sequence of digital values 
or otherwise, each corresponding to the light incident on a 
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region of the detector for a given period of time from one of 
the micro- samples, and computing and analysing circuit means 
is provided, responsive to the electrical signals, together 
with memory means for storing data indicative of the light 
found to be emitted from each of the micro- samples, for storing 
those values together with address information, whereby each 
stored value can be identified with the micro-sample on the 
substrate from which the light giving that value has been 
emitted by reference to the position of the region in the 
detector array and by correlating the position of the sample 
in the sample array . 

35. Apparatus according to claim 34, further including a beam 
splitter, such as a dichroic mirror, interposed in the optical 
path between the micro lenses and the focusing lens to enable 
on the one hand light to pass from the lenses to the focusing 
lens, and on the other hand to enable excitation radiation, 
typically light of a particular wavelength, to be reflected as 
a parallel beam towards the micro lenses, thereby utilising the 
optical focusing characteristics of the micro lenses to focus 
the parallel light into spots of light which register with the 
micro-samples so that the latter are individually radiated by 
excitation light which is predominantly incident on that region 
of each micro-sample which is to be inspected for fluorescence 
after the excitation radiation has been removed, and filter 
means provided in the optical path between the beam splitter 
and the detector array to generally attenuate any excitation 
wavelength radiation travelling towards the detector and 
generally prevent such radiation from reaching the detector - 

36. Apparatus according to claim 34 or claim 35, including a 
pinhole aperture at the focal point of the focusing lens so as 
to improve the on-axis resolution of the optical system and 
assist in attenuating unwanted fluorescence such as from 
background material and other components of an assay ahead of 
or behind the region of interest in a micro- sample measured 
along the optical axis of the objective, from reaching the 
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37. Apparatus according to any of claims 34 to 36, including 
a laser source as the source of excitation radiation a beam 
expander for enlarging the cross -section of the laser beam and 
presenting a generally uniform parallel beam of excitation 
radiation for entry into the imaging system via the beam 
splitter or dichroic mirror. 

38. Apparatus according to any of claims 34 to 37, including 
shutter means to inhibit the passage of the source light, 
except when required for excitation purposes, and further 
shutter means synchronised with that associated with the source 
to prevent light of any wavelength reaching the detector whilst 
excitation light is projected into the system. 

39. A method of analysing fluorescence emitted by radiation 
excited samples in an array of samples comprising the steps of 
focusing light emitted from each said sample at infinity so as 
to form a parallel beam, in parallel with the light from all 
of the other sample sites making up the array, subsequently 
focusing all the parallel light paths through a single point 
and locating at the point a small aperture to restrict unwanted 
light from fluorescing material upstream and downstream of the 
sites of interest in the samples, and re-establishing a 
parallel array of light beams by the use of a further lens so 
as to present to an addressable detector array a plurality of 
parallel light paths corresponding to the light paths from the 
samples, and individually addressing different regions of the 
detector array onto which the parallel light paths impinge, to 
determine the light incident thereon, and storing data relating 
to the quantity of incident light on each said region of the 
detector array together with address information to enable the 
data to be reconciled with the position of the sample in the 
array on the sxibstrate to which that data relates. 

40. The method according to claim 39, further comprising the 
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step of introducing periodically into the optical system 
excitation wavelength illumination and projecting same through 
the optical imaging devices associated with the array of 
samples to project the excitation illumination onto a specific 
region in each said sample, thereafter extinguishing the 
excitation wavelength light and enabling fluorescence caused 
by the excitation to pass through the same optical devices to 
emerge as parallel rays of light for transfer to a detector, 
for analysis as above mentioned. 

41, The method according to claim 3 9 or claim 40, wherein the 
objectives are arranged above or below a sample array. 

42. The method according to any of claims 39 to 41, when used 
to perform immediate fluorescence analysis or time resolved 
fluorescence analysis in which a shutter is provided to inhibit 
the transfer of light to the detector, excitation radiation is 
supplied for a short interval of time and then shut off (either 
by pulsing the source out using further shutter or both) , after 
a selected interval of time the shutter preventing transfer of 
light to the detector is opened and after an appropriate 
integration interval (which can be very short or longer as 
described) the residual charge pattern on the charge coupled 
detector array is interrogated to generate a signal relating 
to the charge pattern (and therefore indicative of light 
incident thereon) for processing and storage as aforesaid. 
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I — > wittiin one momh from the date of mailing of this international search report, submit comments to ttits Auttiority. 

6. The figure of the drawings to be published witti the abstract is Rgure No. 2 



|X| as suggested by the applicant. None of the figures. 

I I because tiie applicant failed to suggest a figure. 

I I t)ecause this figure better characterizes the invention. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70. 17)): 
Description, pages: 

1-5,8-10,17-24 as originally filed 

6.7,7a.1 1 -1 6, as received on 05/07/2001 with letter of 28/06/2001 

16a 

Claims, No.: 

1-32 as received on 05/07/2001 with letter of 28/06/2001 

Drawings, sheets: 

1/6-6/6 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ fumished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable fomri. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-32 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-32 

Industrial applicability (lA) Yes: Claims 1 -32 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the intemational application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1 : DE 197 48 21 1 A (CARL ZEISS) 6 May 1999 (1999-05-06) 

D2: H J. TIZIANI ET AL.: Three-dimensional analysis by a microlens-array 

confocal arrangement' APPLIED OPTICS., vol. 33, no. 4, 1 February 1994 (1994- 

02-01 ), pages 567-572, XP0004291 23 OPTICAL SOCIETY OF 

AMERICA. WASHINGTON,. US ISSN: 0003-6935 

D3: GB-A-2 315 131 (CAMBRIDGE IMAGING) 21 January 1998 (1998-01-21) 

2. Inventive step 

2. 1 . Independent claims 1 , 25 and 29 

The subject-matter of claims 1, 25 and 29 is new (Article 33(2) PCT) but not 
inventive (Article 33(3) PCT). 

Regarding claim 1 document D1 discloses a method of imaging a plurality of 
micro-sample light emitting sites simultaneously onto separately addressable 
detectors (col. 2, II. 25-30) wherein a plurality of objective lenses (2i, fig. 2) are 
located adjacent to the micro-sample array (see micro titre plate (1), fig. 2) with 
one objective lens for each micro-sample (col. 3, II. 19-21), the latter are located 
at or near the focal point of each of the lenses (the position of the micro-sample 
array in fig. 2 is necessarily at the focal point of the micro-sample array as the light 
beam between the micro-lens array (2i) and the focussing lens (41) is parallel and 
as the beam focuses to a single point at the position of the lens (5), fig. 2) 
and the beams are focused by a focusing lens through a single point (at the 
position of lens (5), fig. 2) and collected beyond that point by detector lens means 
(42, fig. 2) which serves to reconstitute the parallel beams (see fig. 2) for 
presentation to the detector array (6, fig. 2). 

The subject-matter of claim 1 differs therefrom in that a pinhole aperture is located 
at the focusing point of the focussing lens. 
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The problem to be solved by the present invention may therefore be regarded as 
the detection of light solely emanating from the focal point of each of the objective 
lenses. 

However, a plate with a small aperture for detection of light emanating from the 
focal point of each of the objective lenses of a microlens array has already been 
used In a similar method, see document D2, figure 4 (aperture (2)). It would be 
obvious to the person skilled in the art, namely when the same result is to be 
achieved, to apply this feature to document D1 , thereby arriving at a method 
according to claim 29. 

Regarding claim 25, document D1 , which is considered to represent the most 
relevant state of the art, discloses an apparatus adapted for performing the 
method of claims 1 or 8, comprising means for supporting a micro-sample array 
on a substrate (means for supporting the micro-titre plate (1 , fig. 2) are implicitly 
disclosed) in close proximity but parallel to an array of micro lenses (2i, fig, 2) 
arranged so as to correspond on a one to one basis with the positions and 
spacing of at least some of the micro-samples, the micro-samples being 
positioned at the focal points of their related micro lenses (implicitly disclosed with 
parallel rays between micro lenses (2i) and lens (41), fig. 2), and the parallel 
beams of light are focused by means of a single focusing lens (41) onto a detector 
lens (5) so as to produce an image of the sample emissions in the plane of an 
array of individually addressable photoelectric detectors (CCD (6), fig. 2). 
The subject-matter of claim 25 differs therefrom in that 

i) a pinhole aperture is located in front of the detector lens, 

ii) circuit means are provided to which digitized signals from the array 
corresponding to the incident light are supplied, and 

iii) computing and analysing circuit means as well as memory means for storing 
data indicative of the emitted light together with address information are included 
in the apparatus. 

Regarding point i) the same argumentation is put fonA^ard as with respect to claim 
1 above. The circuit means receiving digitized signals (point ii) ) as well as 
computing, analysing and memory means (point iii) ) have already been employed 
for the same purpose in a similar apparatus, see document D2, page 569, right 
column. Applying these features to a device according to document D1 would be 
obvious to the person skilled in the art. Therefore, the apparatus according to 
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claim 25 is not inventive. 

Regarding claim 29 document D1, which is considered to represent the most 
relevant state of the art, discloses a method of analysing fluorescence emitted by 
radiation excited samples in an array of samples (col. 2, II. 25-30) comprising the 
steps of focusing light so as to form a parallel beam (see fig. 2, light paths 
between micro lenses (21) and lens (41)), subsequently focusing all parallel light 
paths through a single point (at lens (5), fig. 2) and re-establishing a parallel array 
of light beams by the use of a further lens (42, fig. 2) so as to present to a detector 
array (CCD (6), fig. 2) a plurality of parallel light paths (see fig. 2) and to 
determine the light incident thereon (implicitly disclosed with a detector). 
The subject-matter of claim 29 differs therefrom in that a plate with a small 
aperture is located at the focusing point of all light paths and in that data relating 
to the quantity of incident light and address information is stored. 
However, a plate with a small aperture and storage means have already been 
used for the same purpose in a similar method, see document D2, figure 4 
(aperture (2)) and page 569, right column. It would be obvious to the person 
skilled in the art to apply these features to document D1 , thereby arriving at a 
method according to claim 29. 

2.2. Dependent claims 2-24, 26-28 and 30-32 

Dependent claims 2-24, 26-28 and 30-32 do not contain any features which, in 
combination with the features of any claim to which they refer, meet the require- 
ments of the PCT in respect of inventive step, the reasons being as follows: 

With respect to claim 2, see D1 , figs. 1 and 2. 

With respect to claim 3, see D1 , lens (41 , fig. 2) and focusing point at lens (5, fig. 
2) 

With respect to claim 4, see D1 , figure 1 . 

With respect to claim 5, see D1 , figure 2, micro titre plate (1) and lenses (2i). 

With respect to claims 7 and 8, see D1, col. 3, second paragraph. 

With respect to claims 9-11, see D1, coL 2, lines 50-59 and figure 2. 

With respect to claim 12, see D1, col. 2, line 64 and the beam expander (42, 5, 

41,fig.2). 
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With respect to claim 13, see D1 , col. 1 , line 63 - col. 2, line 7 and col. 2, line 65 - 
col. 3, line 1. 

With respect to claim 14, see D3, page 22, third paragraph. 
With respect to claim 15, see D1 , col. 2, lines 25-27. 
With respect to claim 16 and 19, see D3, page 1, third paragraph. 
With respect to claim 18. see D1 , col. 4, II. 14-20. 

With respect to claim 20, see D3, page 1 , third paragraph and page 10, last 

paragraph - page 11, first paragraph. 

With respect to claim 22, see D1 , figure 2, micro lenses (21). 

With respect to claim 23, see D1 , figure 2. 

With respect to claim 24, see D1, col. 4, lines 14-20. 

With respect to claim 26, see D1 , see figure 2: beam splitter (8), parallel beam 
between micro lenses (2i) and lens (41), and the incident light (col. 2, lines 50-59) 
and filter means (col. 3, lines 2-7). 

With respect to claim 27, see D1 , laser (col. 2, line 64), beam expander (fig. 2) 
and beam splitter (92, fig. 2). 

With respect to claims 28 and 30, see D3, page 1 0, last paragraph - page 1 1 , 
first paragraph. 

With respect to claim 31 , see D1 , figure 2. 

With respect to claim 32, see D3, page 10, last paragraph - page 1 1 , first 
paragraph (shutter) and D2, page 569, right column (signal processing and 
storage). 

The subject-matter of claims 6, 17 and 21 relates to structural changes which 
come within the scope of the customary practice followed by persons skilled in the 
art. 

3. The industrial applicability of claims 1-32 is beyond doubt, Article 33(4) PCT. 
Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D2 and D3 is not mentioned in the description, nor are 



Form PCT/Separate Sheet/409 (Sheet 4) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY international application No. PCT/GBOO/01 576 

EXAMINATION REPORT - SEPARATE SHEET 



these documents identified therein. 

2. The features of the apparatus claims are not provided with reference signs placed 
in parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the International application 

1 . The expression "upstream and downstream regions" used in claim 1 is unclear as 
there is no stream of fluid indicating a flow direction (Article 6 PCT). 

2. The term "downstream optical system" used in claim 2 is not defined in claim 1 
and leaves the reader in doubt as to what element the downstream optical system 
represents, thereby rendering the definition of the subject-matter of said claim 
unclear (Article 6 PCT). The same argument can be put forward with respect to 
the term "mask" in claim 18. 

3. The subject-matter of claim 19 is formulated as a claim dependent on claim 17 or 
18. Yet, claim 19 does not comprise all features of claim 17 or 18 and is therefore 
not a dependent claim. 

4. Claim 20 lists different detectors which seem to be altematives. However, the 
formulation "photomultiplier tubes, image intensifiers and intensified CCD 
arrangements" conveys the impression that all three alternative detectors are 
used simultaneously. Hence, there is an inconsistency between the way of 
presenting these (alternative) features. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -5,8-1 0, 1 7-24 as originally filed 

6.7,7a. 11-16, as received on 05/07/2001 with letter of 28/06/2001 

16a 

Claims, No.: 

1-32 as received on 05/07/2001 with letter of 28/06/2001 

Drawings, sheets: 

1/6-6/6 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
intemational preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the intemational application in computer readable form. 

□ fumished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently fumished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-32 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1 -32 

Industrial applicability (lA) Yes: Claims 1 -32 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects In the international application 

The following defects in the fomn or contents of the intemational application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1 : DE 1 97 48 21 1 A (CARL ZEISS) 6 May 1 999 (1 999-05-06) 

D2: HJ. TIZIANI ET AL.: Three-dimensional analysis by a microlens-array 

confocal arrangement' APPLIED OPTICS., vol. 33, no. 4, 1 February 1994 (1994- 

02-01), pages 567-572, XP000429123 OPTICAL SOCIET/ OF 

AMERICA, WASHINGTON., US ISSN: 0003-6935 

D3: GB-A-2 315 131 (CAMBRIDGE IMAGING) 21 January 1998 (1998-01-21) 

2. Inventive step 

2.1 . Independent claims 1 , 25 and 29 

The subject-matter of claims 1, 25 and 29 Is new (Article 33(2) PCT) but not 
inventive (Article 33(3) PCT). 

Regarding claim 1 document D1 discloses a method of imaging a plurality of 
micro-sample light emitting sites simultaneously onto separately addressable 
detectors (col. 2, II. 25-30) wherein a plurality of objective lenses (2i, fig. 2) are 
located adjacent to the micro-sample array (see micro titre plate (1), fig. 2) with 
one objective lens for each micro-sample (col. 3, II. 19-21), the latter are located 
at or near the focal point of each of the lenses (the position of the micro-sample 
array in fig. 2 is necessarily at the focal point of the micro-sample array as the light 
beam between the micro-lens array (2i) and the focussing lens (41) is parallel and 
as the beam focuses to a single point at the position of the lens (5), fig. 2) 
and the beams are focused by a focusing lens through a single point (at the 
position of lens (5), fig. 2) and collected beyond that point by detector lens means 
(42, fig. 2) which serves to reconstitute the parallel beams (see fig. 2) for 
presentation to the detector array (6, fig. 2). 

The subject-matter of claim 1 differs therefrom in that a pinhole aperture is located 
at the focusing point of the focussing lens. 



Fonn PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/GBOO/01 576 
EXAMINATION REPORT - SEPARATE SHEET 



The problem to be solved by the present invention may therefore be regarded as 
the detection of light solely emanating from the focal point of each of the objective 
lenses. 

However, a plate with a small aperture for detection of tight emanating from the 
focal point of each of the objective lenses of a microlens array has already been 
used in a similar method, see document D2, figure 4 (aperture (2)). It would be 
obvious to the person skilled in the art, namely when the same result is to be 
achieved, to apply this feature to document D1 , thereby arriving at a method 
according to claim 29. 

Regarding claim 25, document D1, which is considered to represent the most 
relevant state of the art, discloses an apparatus adapted for performing the 
method of claims 1 or 8, comprising means for supporting a micro-sample array 
on a substrate (means for supporting the micro-titre plate (1 , fig. 2) are implicitly 
disclosed) in close proximity but parallel to an array of micro lenses (2i, fig. 2) 
arranged so as to correspond on a one to one basis with the positions and 
spacing of at least some of the micro-samples, the micro-samples being 
positioned at the focal points of their related micro lenses (implicitly disclosed with 
parallel rays between micro lenses (21) and lens (41), fig. 2), and the parallel 
beams of light are focused by means of a single focusing lens (41 ) onto a detector 
lens (5) so as to produce an image of the sample emissions in the plane of an 
array of individually addressable photoelectric detectors (CCD (6), fig. 2). 
The subject-matter of claim 25 differs therefrom in that 

i) a pinhole aperture is located In front of the detector lens, 

ii) circuit means are provided to which digitized signals from the array 
corresponding to the incident light are supplied, and 

iii) computing and analysing circuit means as well as memory means for storing 
data indicative of the emitted light together with address information are included 
in the apparatus. 

Regarding point i) the same argumentation is put forward as with respect to claim 
1 above. The circuit means receiving digitized signals (point ii) ) as well as 
computing, analysing and memory means (point iii) ) have already been employed 
for the same purpose in a similar apparatus, see document D2, page 569, right 
column. Applying these features to a device according to document D1 would be 
obvious to the person skilled in the art. Therefore, the apparatus according to 
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claim 25 is not inventive. 

Regarding claim 29 document D1 , which is considered to represent the most 
relevant state of the art, discloses a method of analysing fluorescence emitted by 
radiation excited samples in an array of samples (col. 2, II. 25-30) comprising the 
steps of focusing light so as to fomri a parallel beam (see fig. 2, light paths 
between micro lenses (2i) and lens (41)), subsequently focusing all parallel light 
paths through a single point (at lens (5), fig. 2) and re-establishing a parallel array 
of light beams by the use of a further lens (42, fig. 2) so as to present to a detector 
array (CCD (6), fig. 2) a plurality of parallel light paths (see fig. 2) and to 
determine the light incident thereon (implicitly disclosed with a detector). 
The subject-matter of claim 29 differs therefrom in that a plate with a small 
aperture is located at the focusing point of all light paths and in that data relating 
to the quantity of incident light and address information is stored. 
However, a plate with a small aperture and storage means have already been 
used for the same purpose in a similar method, see document D2, figure 4 
(aperture (2)) and page 569, right column. It would be obvious to the person 
skilled in the art to apply these features to document D1 , thereby arriving at a 
method according to claim 29. 

2.2. Dependent claims 2-24, 26-28 and 30-32 

Dependent claims 2-24, 26-28 and 30-32 do not contain any features which, in 
combination with the features of any claim to which they refer, meet the require- 
ments of the PCT in respect of inventive step, the reasons being as follows: 

With respect to claim 2, see D1 , figs. 1 and 2. 

With respect to claim 3, see D1 , lens (41 , fig. 2) and focusing point at lens (5, fig. 
2) 

With respect to claim 4, see D1 , figure 1 . 

With respect to claim 5, see D1 , figure 2, micro titre plate (1) and lenses (2i). 

With respect to claims 7 and 8, see D1 , col. 3, second paragraph. 

With respect to claims 9-11, see D1 , col. 2, lines 50-59 and figure 2. 

With respect to claim 12, see D1 , col. 2, line 64 and the beam expander (42, 5, 

41,fig.2). 
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With respect to claim 13, see D1 . col. 1 , line 63 - col. 2, line 7 and col. 2, line 65 - 
col. 3, line 1 . 

With respect to claim 14, see D3, page 22, third paragraph. 
With respect to claim 15, see D1, col. 2, lines 25-27. 
With respect to claim 16 and 19, see D3, page 1 , third paragraph. 
With respect to claim 18, see D1, col. 4, 11. 14-20. 

With respect to claim 20, see D3, page 1 , third paragraph and page 10, last 

paragraph - page 1 1 , first paragraph. 

With respect to claim 22, see D1. figure 2, micro lenses (21). 

With respect to claim 23, see D1, figure 2. 

With respect to claim 24, see D1 , col. 4, lines 14-20. 

With respect to claim 26, see D1 , see figure 2: beam splitter (8), parallel beam 
between micro lenses (2i) and lens (41), and the incident light (col. 2, lines 50-59) 
and filter means (col. 3, lines 2-7). 

With respect to claim 27, see D1 , laser (col. 2, line 64), beam expander (fig. 2) 
and beam splitter (92, fig. 2). 

With respect to claims 28 and 30, see D3, page 10, last paragraph - page 1 1 , 
first paragraph. 

With respect to claim 31, see D1 , figure 2. 

With respect to claim 32, see D3, page 10, last paragraph - page 1 1 , first 
paragraph (shutter) and D2, page 569, right column (signal processing and 
storage). 

The subject-matter of claims 6, 17 and 21 relates to structural changes which 
come within the scope of the customary practice followed by persons skilled in the 
art. 

3. The industrial applicability of claims 1-32 is beyond doubt. Article 33(4) PCT. 



Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D2 and D3 is not mentioned in the description, nor are 
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these documents identified therein. 

2. The features of the apparatus claims are not provided with reference signs placed 
in parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the international application 

1. The expression "upstream and downstream regions" used in claim 1 is unclear as 
there is no stream of fluid indicating a flow direction (Article 6 PCT). 

2. The term "downstream optical system" used in claim 2 is not defined in claim 1 
and leaves the reader in doubt as to what element the downstream optical system 
represents, thereby rendering the definition of the subject-matter of said claim 
unclear (Article 6 PCT). The same argument can be put forward with respect to 
the temri "mask" in claim 18. 

3. The subject-matter of claim 19 is formulated as a claim dependent on claim 17 or 
18. Yet, claim 19 does not comprise all features of claim 17 or 18 and is therefore 
not a dependent claim. 

4. Claim 20 lists different detectors which seem to be altematlves. However, the 
formulation "photomultiplier tubes, image intensifiers and intensified CCD 
arrangements" conveys the impression that all three altemative detectors are 
used simultaneously. Hence, there is an inconsistency between the way of 
presenting these (altemative) features. 
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^bus — a — Bingle — channe-l — confocal scaoner— has — been — used — to- 
measure a niunber of sample sites but only sequentially and 
not simultaneously, and such a system is not appropriate for 
high throughput scanning where simultaneous detection and 
assessment of a large number of sites is required, such as 
in a 96 well microtitre plate or higher density format array 
or array of microcapillaries. 

However, there is known from German Specification No DE 
19748211A a system in which a pluirality (N) of single 
channel confocal optical systems and photoelectric detectors 
or detecting areas are arranged in parallel to form a 
plurality of reading heads arranged side-by-side so as 
simultsuieously to read a corresponding plurality of adjacent 
sites. In this known system, the optics include a mask and 
three focussing lenses which effectively handle the beams 
emcoiating from the individual reading heads independently, 
so that the optical aoces of the individual beams are 
separated . 

Summaify of the invention 

According to one aspect of the present invention, there is 
provided a method of imaging a plurality of micro-sanple 
light emitting sites simultaneously onto separate 
addressable detectors, which may be discrete regions of the 
array detector, so that light emitted from each site can be 
monitored by one of the detectors, wherein a corresponding 
plxirality of objective lenses each comprising a micro- lens 
are located adjacent to the micro- sample array with one 
objective lens for each micro- sanqple, the latter are located 
at or near the focal point of each of the micro- lenses so 
that light emanating from each micro-sample is collected by 
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d:tB- respective— c*j«ctdbv«—l-etts--an into— a-beam— of- 
parallel or near parallel rays, the objective lenses are 
arranged so that the axes of all the beams issuing therefrom 
are parallel axid spaced apart, and the beams are focused by 
a focussing lens through* single point and collected beyond 
that point by detector lens mesuis which serves to 
reconstitute the parallel beams for presentation to the 
detector array, wherein optical discrimination between 
fluorescence emanating from upstream and downstream regions 
of the micro- samples is improved by a pinhole aperture 
located at the focal point of the focussing lens so that 
light which is not emanating from the focal point of each of 
the objective lenses adjacent the micro-sample sites will be 
out of focus at the small aperture pinhole. 

The sites may be in a column or in an array such as a 
microtitre plate. 

The optical systems may be arranged in a single line for 
reading column by column of a multi-column array, or in a 
staggered pattern for simultaneously viewing sites in 
different colxamns if this were preferred. 

This system would again comprise essentially (N) independent 
confocal systems, each with its optic ax±a aligned with one 
san^le site. 

Advantageously only one laser source is provided which may 
be split into an appropriate plurality of beams, conveyed 
each by a fibre optic caLble to individual san^le sites. 
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•nie—aright^— emitted -f r om th e s epar ate sit eB— may— inr part— be- 
conveyed to individual detectors, or discrete regions of an 
array detector, via optical fibres. 

Preferably the reading heads are independently adjusted>le so 
each can be positioned accurately over or under a sanple. 
To this end a special opto -mechanical device may be provided 
to bring each scanner's optic axis into alignment by means 
of an appropriate scan in the Y-direction. 

Vlhere there is a tolerance in the position of the samples, 
such as in the case of capillaries, which result in 
uncertainty in the. Y-direction, adjustment is preferably 
provided. 

Such am. arrangement could be used to inspect say 8 or 12 
sites at a time, but an arrsuigement to inspect larger 
numbers simultaneously could be costly, complex, and 
cxxmbersome. We would refer to such arrangements as ganged" 
systems . 

The axes of the objectives may be suigled if desired with 
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relative — ^feo— the — array— af~obj ect ive — 3:eQses — ixjr— manner^-known: 

per se so as to present groups of 96 wells making up the 384 
wells, to the 96 lens array. Thus a 2 x 2 movement of the 
XY stage would be required to complete the inspection of all 
of the well sites in the 384 well array. 



According to another optional feature of the invention, the 
parallel beams of light directed towards the detector array 
may in part be transferred to the latter via optical fibres^ 
preferably in the form of a fibre optic bundle or fibre 
optic plate. 

According to a further preferred feature of the invention, 
where a bundle of fibres is employed, the arramgement of the 
fibres in the boandle may differ between the input and output 
ends thereof so that the array of fibres which convey the 
light paths to the different regions of the detector array 
conforms more to the shape of the detector array in the XY 
plane and enables for exan^ile, optimal utilisation of a 
generally square array by the rectemgular proportions of an 
8 X 12 micro- sanple array. 

The detector array may typically be a charge coupled device 
having a large number of separately addressable regions 
(each of which is commonly referred to as a pixel) auad 
groups of adjacent pixels (or individual pixels) from the 
detector for each sample are addressed, to ened^le good 
resolution to be obtained in the XY sense as between the 
light from one san^le and another » 

The charge coupled device may be cooled, for example 
cryogenically so as to reduce backgrotind noise signals 
associated therewith. 
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According to a further featxxre of the invention, the 
detectors comprise an array of photomultipliers, one 
photomultiplier for each of the channels (optical paths) • 

Thus if there are 96 channels , 96 photomultipliers will be 
required. 

Preferably miniature photomultipliers are eirployed, and 
where sufficiently small photomultipliers are imavailable, 
optical fibres or bundles forming cables may be employed to 
convey the light from each of the apertures in the mask such 
as is shown in Figure 4 or 5 of the accompanying drawings, 
to the 96 windows of 96 photomultipliers which together 
occupy an area considerably greater than that of the mask. 

Alternatively a larger detector lens is employed so that the 
96 channels are spread over a larger area. 

As previously mentioned, the CCD array may of course be 
cryogenically or otherwise cooled for the sample purpose, 
the use of photomultipliers obviates the need for cryogenic 
cooling. 

According to smother feature of the invention, the 
photomultipliers are replaced by an image intensifier or an 
intensified CCD. 

The use of a more sensitive detector such as the use of 
photomultiplier tubes, an image intensifier or an 
intensifier CCD, enables time resolved fluorescence of 
luminescence application to be detected. 
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-In— p art icxxl ar- the us e o f a m o re e ensirtdbve— d&teefeor- enables — 
time resolved assay analysis to be performed which involves 
photo-exciting a fluorophor with a pulsed source of 
radiation for example a pixlsed laser, during which time the 
detector is gated off so as not to be responsive to any of 
the excitation radiation and the fluorophor in the assay can 
be investigated by gating on the detector after a suitable 
time delay, typically of the order of picoseconds or 
microseconds, and thereafter reading out the charge pattern 
in the detector. 

Time resolved applications such as described require 
detectors which can be gated on and off and photomultiplier 
tubes, image intensifiers and intensified CCD arrangements 
can be gated in this way electronically so as to enable the 
delays and short integration periods to be generated as 
required by time resolved fluorescence or luminescence 
applications . 

In this connection, it is to be understood that the present 
invention is not limited to fluorescence applications but 
includes luminescence applications. 

Thus the invention is not limited to the nattire of the 
detector or to the technique in which the different regions 
of the detector are addressed to enable light emanating from 
one san5>le to be distinguished from light emanating from 
another, nor is the invention limited to any of the circuits 
or con5)uting techniques which may be employed for processing 
electrical signals obtained by addressing the different 
regions of the detector array. 
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since — the — spacing — between, and — tbe — actual — size — ofr-, — the 

sanple sites in a micro-saniple array, are very small, and 
can be o£ the order of microns, micro lenses, optionally in 
combination with a fibre optic transfer plate may be 
employed in the objective lenses adjacent the micro- samples. 



In essence the micro- sanqole objective lenses are equivalent 
to microscope objectives in that they are short focal length 
lenses designed to form an image of a tiny object (in this 
case light being emitted from a small region in a micro- 
sample) . However as distinct from a conventional microscope 
objective, the optical characteristic of the sample 
objectives is such as to produce a parallel beam of light 
therefrom so that in this sense the objective can be said to 
have one infinite conjugate. 

By utilising high quality coirponents and projecting the 
excitation radiation to the samples via the objective 
lenses, the excitation radiation can be focused to precisely 
the regions of interest in the samples, to reduce excitation 
of surrpiinding sample material. 

Where a filter is located ahead of the detector, apertured 
masks may be placed on either side of the filter to 
collimate the parallel beam to further reduce backgroiind and 
cross -talk. 

The invention also lies in apparatus adapted to perform the 
above methods and comprising means for supporting a micro- 
satt5>le array on a sxabstrate in close proximity but parallel 
to an array of micro lenses arranged so as to correspond on 
a one to one basis with the positions and spacing of at 
least some of the micro- samples on the substrate, each of 
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its related micro- saiiqple by a distance equal to the focal 
length o£ the lens so that light emitted from that region of 
the micro- sanple will emesrge from the lens as a parallel 
beam parallel to the axis of the lens, and the parallel 
beams of light are focused by meems of a single focusing 
lens through a pinhole aperture onto a detector lens so as 
to produce an image of the micro- sattqple light emissions in 
the plane of an array of individually addressable 
photoelectric detectors, such as regions of an addressable 
CCD array, and circuit means is provided to which signals 
read out from the array are supplied in the form of a 
sequence of digital values or otherwise, each corresponding 
to the light incident on a region of the detector for a 
given period of time from one of the micro- samples, and 
confuting and amalysing circuit means is provided, 
responsive to the electrical signals, together with memory 
mecois for storing data indicative of the light found to be 
emitted from each of the micro- san^les, for storing those 
values together with address information, whereby each 
stored value can be identified with the micro-sample on the 
substrate from which the light giving that value has been 
emitted by reference to the position of the region in the 
detector array and by correlating the position of the sample 
in the sanple array. 

The apparatus may further include a beam splitter, such as a 
dichroic mirror, interposed in the optical path between the 
micro lenses and the focusing lens to enable on the one hand 
light to pass from the lenses to the focusing lens, and on 
the other hand to enable excitation radiation, typically 
light of a particular wavelength, to be reflected as a 
parallel beam towards the micro lenses, thereby utilising 
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-fehe-HDpticai— focusing— eharaw^l^^ lenses— txx 
f ocus the parallel light into spots of light which register 
with the micro- satnples so that the latter are individually 
radiated by excitation light which is predominantly incident 
on that region of each micro-sample which is to be inspected 
for fluorescence after the excitation radiation has been 
removed, and filter means may be provided in the optical 
path between the beam splitter cuad the detector array to 
generally attenuate any excitation wavelength radiation 
travelling towards the detector and generally prevent such 
radiation from reaching the detector. 

The apparatus preferably includes a pinhole aperture at the 
focal point of the focusing lens so as to improve the on- 
axis resolution of the optical system and assist in 
attenuating unwauxted fluorescence such as from background 
material and other components of an assay ahead of or behind 
the region of interest in a micro- sample measured along the 
optical axis of the objective, from reaching the detectors. 

The apparatus typically includes a laser source, as the 
source of excitation radiation a beam expander for enlarging 
the cross- sect ioA of the laser beam and presenting a 
generally xaniform parallel beam of excitation radiation for 
entry into the imaging system via the beam splitter or 
dichroic mirror. 

Shutter means may be provided to inhibit the passage of the 
laser light, except when required for excitation purposes, 
and further shutter means may be provided synchronised with 
that associated with the laser source to prevent light of 
any wavelength reaching the detector whilst excitation light 
is projected into the system. 
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The invention also comprises a method of analysing 
fluorescence emitted by radiation excited samples in an 
array of samples comprising the steps of focusing light 
emitted from each said sample at infinity so as to form a 
parallel beam, in parallel with the light from all of the 
other sample sites making up the array, subsequently 
focusing all the parallel light paths through a single point 
and locating at the point a small pinhole aperture to 
restrict unwanted light from fluorescing material upstream 
and downstream of the sites of interest in the samples, and 
re-establishing a parallel array of light beams by the use 
of a further lens so as to present to an addresseJble 
detector array a plurality of parallel light paths 
corresponding to the light paths from the samples, and 
individually addressing different regions of the detector 
array onto which the parallel light paths impinge, to 
determine the light incident thereon, etnd storing data 
relating to the quantity of incident light on each said 
region of the detector array together with address 
information to enable the data to be reconciled with the 
position of the sample in the aarray on the siibstrate to 
which that data relates. 

The method typically further con^rises the step of 
introducing periodically into the optical system excitation 
wavelength illumination and projecting same through the 
optical imaging devices associated with the array of samples 
to project the excitation illumination onto a specific 
region in each said sample, thereafter extinguishing the 
excitation wavelength light and enabling fluorescence caused 
by the excitation to 
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CLAIMS 

1 A fweriift^ fff miflging a^pluRdiiy of micTOrsan^le Ughtjemil^og-Si^.simul^^ 
onto sq)arately addressable detectors, which may be discr^ regions of Ae array 
d^ector, so that light ^tted firom each site can be monitored by one of the detectors, 
wherem a corresponding plurali^ of objective lensM eadi conqirising a micro-lens are 
located adjacent to the micro-sample array with one objective lens for each micro- 
sample, the latter are located at or near ih& focal point of eadi of the micro-lenses so that 
light ^anaring from cach micro-sanq>le is collected by its respective objective lens and 
converted into a beam of parallel or near parallel rays, the objective lenses are arranged 
so that the axes of all the beams issuing th»efirom are parallel and spaced ^part, and tiie 
beams are focused by a focusing lens tiurough a single point and collected beyond that 
point by detector lens means which serves to reconstitute the parallel beams for 
presentation to the detector array, wherein optical discrimination between fluorescence 
emanating from upstream and downstream regions of the micro-samples is improved by 
a phdiole sqperture located at die focal point of the focusing lens so that light which is not 
emanating from die focal point of each of die objective lenses adjacent die micro-sanople 
sites will be out of focus at the small apoture pinhole. 

2. A method according to claim 1, wherein the axes of the objectives are angled with 
appropriate adjustment of die optical characteristics of the objectives and/or downstream 
optical system. 

3. A mettiod according to claim 1 or claim 2, wherein a single focusing Iras (^i^bdch may 
be a multi-component lens) is employed for directing all the beam padis duough the 
single point. 
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4. ^A-method accordiiig-4a-ai^^f-cla]ms— 1^ 

positioned relative to the micro-san^le objective Imses so that the region of interest is as 
close as possible to the focal point of the respective objective lens. 

5. A method according to any of claims 1 to 4, wherein the sanq)les are located on a 
planar support wit h the regions of int erest all in the same plane so fliat the objective 
lenses can likewise all be in die same plane parallel to that containing the regions of 
interest in die samples. 

6. A method according to any of claims 1 to 5, including the step of adjustmg the 
position of die micro-sample array relative to die lens array and also the step of 
individually adjusting die position of at least the objective lenses relative to the micro- 
samples or vice versa to ensure diat the regions of interest in the micro-samples are at 
die focal point of the respective micro-sample objective lenses. 

7. A method according to any of claims 1 to 6, wherein in order to provide spectral 
separation based on wavelength, a filter is included in the light path eiflier between die 
micro-sanq)le objective lenses and die focusing lens means ahead of die pinhole, or 
between die detector lens and die detector array. 

8. A mediod accordiog to claim 7, wherein die spectral filter is located in a region in 
which the light padis are parallel or nearly parallel. 

9. A. method according to any of claims 1 to 8, according to which where fluorescence 
is the mftrhaniCTn whidi generates the radiation which is to be focused onto a detector* 
excitation radiation to produce the fluorescence is applied only to a region of interest 
widiin each micro-sample rather than over die whole of the micro-sample. 

10. A method according to claim 9, wherein excitation radiation is injected into the 
multipath optical systmi so as to proceed in a parallel sense towards the array of 
objective lenses, in an opposite sense to the light which emanates from die micro- 
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^aiiq>lesr^(>-as^txH)e-focused by tberobjecdverleiisesn^ eadr~ 
i]ucro-saiiQ)le* 

11. A meAod accoidisg to claim 10, wherein the exciiation radiadon is injected as a 
parallel beam into Ae optical path, at right angles diereto, and a 45^ beam splitting 
device is provided onto-which Oe paraUel-excitation radiation is incident-and firom which- 
it is directed in a parallel manner towards the micro-sanq>le imaging Ira^es, but tfarougjh 
which radiation firom the micro-samples can pass to the focusing lens. 

12. A method according to any of claims 1 to 11, wherein excitation radiation is 
produced "fiing a laser such as an argon ion laser, and a beam e^qpander is enq)loyed to 
apand die cross-section of the laser beam into a relatively large area beam equivalent to 
the area of ttie parallel array of micro-sample objective lenses. 

13. A method according to any of claims 1 to 12, having an 8 x 12 array of micro- 
sample objective lenses on the same 8 x 12 matrix as a standard 96 well plate, and if the 
imagiTig system is to be used to inspect for example a 384 well plate, the latter is 
moiimgd on an XY stage so diat it can be moved relative to die array of objective lenses 
m manner known per se so as to present groups of 96 wells maldng up the 384 wells, to 
the 96 lens array. 

14. A method according to any of claims 1 to 13, wherein the parallel beams of light 
directed towards the detector array are transferred to the said array via optical fibres, in 
the form of a fibre optic bundle or fibre optic plate. 

15. A mettiod according to any of claims 1 to 14, wherem the detector array is a charge 
coiq>led device having a large number of separately addressable regions (eadi of which 
is commonly referred to as a pixel) and groups of adjacent pixels (or individual pixels) 
firom the detector for each sanq>le are addressed, to enable good resolution to be obtained 
m die XY sense as between the light firom one sample and anotha. 
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1&. — Aroediod-accordiiig^claim^ flie-c±arge-coiq>led-dcvice-is-co^ 

exanople ciyogenically. 

17. A method according to any of claims 1 to 14, wherein the detector array conq)rises 
an array of photomiiltipliers» one photomultiplicr for each of die channels (optical paths). 

18. A method according to claim 17, wherein optical fibres or bundles fiDrming cables 
are employed to convey the light firom each of the apertures in a mask to die windows of 
photo-multipliers which togedier occiq)y an area considerably greater dian diat of die 

19. A mediod according to daim 17 or 18, wherein the photomultipliers are replaced by 
an image iyrteni^ifier or an intensified CCD. 

20. A mediod according to any of daims 17 to 19, wherein the photomult^liw tubes, 
image iotensifiers and int^ified CCD arrangements are gated electronically so as to 
enable the delays and short integradon periods to be generated as required by time 
resolved fluorescence or luminescence applications. 

21. A mediod according to any of claims 1 to 20, wherein farther lenses for focusiqg 
die parallel beams of light directed towards die detector array are employed to improve 
resolution at the d^ector sur£sice eith^ in combination widi a fibre optic transfer bundle, 
or odierwise. 

22. A m^hod according to any of dahns 1 to 21, wherem micro lenses, optionally m 
combination with a fibre optic transfer plate are employed in the objective lenses 
adjacent the micro-sanq>les. 

23. A method according to claim 22, in which micro lensK have one infinite conjugate. 
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.24v— A-metbod-acconiiiig. to-aiiy-of-claiins-4--to-^r"Wiieiwii-where^ is located— 
ahead of die detector, apertured masks are placed on eitber side of die fiber to coUimate 
tbe parallel beam to further reduce background and cross-talk. 

25. Apparatus adapted for performing the method of any of claims 1 to 24, comprising 
means, for supporting a micro-sanqile-artayjQn.a.substrate in dose proximity but paralleL- 
to an array of micro lenses arranged so as to correspond on a one to one basis with the 
positions and spadng of at least some of tte micro-5anq>les on the substrate, each of die 
micro lenses being positioned relative, to a region df its related niicn>-sanq>le by a 
distance equal to the focal lengdi of die l«is so tiiat light emitted from that region of flie 
micro-sample will emerge from die lens as a parallel beam parallel to the axis of die 
lens, and die parallel beams of light are focused by means of a single focusmg lens 
dirough a phihole aperture onto a detector lens so as to produce an unage of the micro- 
sanq>le light emissions in the plane of an array of mdividually addressable photoelectric 
detectors, such as regions of an addressable CCD array, and drcuit means is provided to 
which signals read out from die array are supplied in the form of a sequence of digital 
values or odierwise, each corresponding to die light incident on a region of die detector 
for a ^ven period of time from one of die micro-samples, and conq>uting and analysing 
dicuit means is provided, responsbe to the electrical signals, togedier widi memory 
means for storing data indicative of die light found to be emitted from each of die micro- 
sanq>les, for storing diose values togedier widi address information, whoeby each stored 
value can be identified with the micn>-sanq>le on die substrate from yAuda. the ligiht 
giving that value has been emitted by refCTence to die position of die region hi die 
detector array and by correlating die position of die sample in the saiiq>le array. 

26. Apparatus accorduig to daim 25, furdm inrlnding a beam splitter, such as a 
didiroic mirror, mteiposed m the optical padi between die micro lenses and the focusmg 
lens to enable on die om hand light to pass from die lenses to the focu^ng lens, and on 
die odier hand to enable excitation radiation, typically light of a particuhir wavelengdi, to 
be reflected as a parallel beam towards the micro lensra, thereby ut i li s ing die optical 
focusing characteristics of die micro lenses to focus die parallel light into spots of light 
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vtbitiL iegister-wi&-&e-rmi6EO-saiiq>les-sa-diat-tfa^ individually-radiated-by — 
excitation iig>»» wbich is piedominanfly iaadeai on tbat region of eadb miao-sanople 
whidi is to be inspected for fiuoresceoce after die exdtation radiation has been removed, 
and filter means provided in die optical path between the beam splitter and tbe detector 
array to generally att*'Tiiiat<» any excitation wayelengdi radiation travelling towards die 
doector and geiiendly4a5Eaent.su<A.radiaiion.firom readii^ the detector, 

27. Apparatus 9'^'*rAinQ to daim 25 or daim 26, inclnding a laser source as die source 
of excitation radiation a beam expander for enlarging die cross-section of die laser beam 
and presenting a generally uniform parallel beam of excitation radiation for entry into die 
imaging system Via die beam splittor or dichroic mirror. 

28. Apparams according to any of dauns 25 to 27, uichiding shutter means to inhibit 
the passage of die source light, except \<*en required for exdtation purposes, and fiirdier 
shutter means syndironised widi diat associated widi die source to prevent light of any 
wavdengtii reaching die detector whilst excitation light is projected into die system. 

29. A mediod of analysing fluorescence emitted by radiation excited samples in an array 
of samples comr"''^g the steps of focusing li^ emitted from each said sanqile at 
infini^ so as to form a parallel beam, in paralld widi die light from all of die odier 
sanqile sites making up die array, subsequendy focusmg all die paralld light padis 
dirough a single point and locating at die point a small pinhole qierture to restrict 
unwanted light ficom fluorescing material upstream and downstream of the sites of 
interest in die samples, and re^tablishing a parallel array of light beams by die use of a 
fiirdier lens so as to present to an addressable detector array a plurality of parallel light 
padis correspondmg to die light padis from die samples, and individually a dd r e ssing 
different regions of die detector array onto whidi die paralld light padis inqimge, to 
determine die light incident diereon, and storing data relating to die quantiQr of incident 
light on eadi said region of die detector array togedier widi address information to 
enable the data to be reconciled widi die position of die sample in die array on die 
substrate to whidi diat data relates. 
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3 0. 33i&^Eiefliod-accoidiiig-to-daim-29, furto-coa^risiDg-^he-st^-df-inttoduci^ — 

periodically into the optical system excitation wavetength illumination and projecting same 
Hizough die optical imaging device^ associated widi die anay of samples to project die 
excitation illumination onto a specific rpgion in each said sanq)le, diereafter extinguishiog 
the exdtation M^velengdi light and gnaWing fluorescence caused by the excitation to pass 
tlrr^vp h rtM> ganift optical devices to emerge as parallel ravs of li ght for transfo to a 
detector, for analysis as above mentumed. 

31. The mediod according to daun 29 or claim 30, wherein die objectives are arranged 
above or bdow a sanqile array. 

32. The mediod according to any of daims 29 to 31, wh«i used to perform immf i diat e 
fluorescence analysis or time resolved fluorescence analysis in which a shutter is provided 
to inhibit die transfer of light to die detector, excitation radiation is siqiplied for a short 
interval of time and then dim off (eidier by pulsiiig die source om using furto 

bodi), after a selected mterval of time die shutter preventmg transfer of light to the detector 
is opened and after an appropriate integration interval (which can be very short or longer 
as described) die residual charge pattern on die charge coupled detector array is 
interrogated to generate a signal relating to die charge pattern (and dierefore indicative of 
light inddent diereon) for processing and storage as aforesaid. 
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